T he course of human history has been shaped significantly by pests-those insects, fungi, rodents, mice, weeds, and microorganisms that devour human food supply, spread infection, disrupt economies, and compete for scarce resources. Modern technology has, in its turn, shaped the course of history by developing a broad array of chemicals designed to prevent or disrupt largescale pestilence and economic losses.
Controlling crop losses is one factor in improved American agricultural productivity. In 1776, one average American farmer produced enough food, cotton, and tobacco for three people; in 1981 one farmer could support 78 people (Ware, 1983) . However, as the age ofchemicals has unfolded, some disquieting phenomena have been observed.
The existence of bald eagles and other predatory birds was threatened by the chronic effects of DDT before its use was discontinued in the U.S. in 1973 (Postel, 1987) . In Bhopal, India, thousands were killed from a single industrial event. Lymphoma and leukemia have been associated with higher death rates among Midwestern farmers in regions of high pesticide use (Weisenberger, 1985; AMA, 1988) , and 1,600 infants in Argentina were slowly poisoned by methylmercury used to disinfect their diapers (Banzaw, 1987) .
Concern about pesticide related health effects is growing. Outcome measures of acute pesticide expo-sure range from mild reactions, such as dizziness and nausea, to death (Weisenberger, 1985) . Pesticides account for a small but important number of acute human poisonings. In 1987, over 43,000 pesticide exposures were reported to poison centers in the U.S. (Litovitz, 1988) . Marquis (1986) defines acute effects of pesticides as those that are related immediately and directly to exposure to a toxicant. She also differentiates between chronic and long term effects. Chronic exposure is a continuous or repeated exposure to small quantities over a prolonged period of time. Long term toxicity is a form of chronic toxicity in which symptoms appear only after a long delay following exposure.
THE PROBLEM
Just as pharmacologic agents are combined with other ingredients to enhance absorption, so too are pesticides. Because of their water solubility, some insecticides are most effective when applied topically by spraying the leaves. Formulation is the processing of technical grade materials into a form that will improve their properties of storage, handling, application, effectiveness, or safety (Ware, 1983) .
Pesticides may be prepared in a variety of forms or vehicles to enhance delivery of the active ingredients. Dusts are one of the oldest forms of pesticides. The undiluted pesticide is simply ground into fine particles and applied directly to the foliage. The airborne dust particles are easily carried on air currents, however, resulting in only 10% to 40% of the pesticide reaching the plants.
Sprays are pesticides that are dispensed in solutions designed to improve their adherence to the foliage, and hence their effectiveness. Emulsifiable concentrates are oil concentrates of the basic pesticide (technical grade material) with an emulsifier added to facilitate further dilution with plain water. Wettable powders are the technical grade material in powder form with a wetting agent added to ease mixing with water before spraying.
Several other types of formulations are on the market today. The relevancy of formulations to this article lies in their impact on the overall exposure and absorption of pesticides by humans.
INSECTICIDES
Major categories of insecticides include, but are not limited to, botanicals, mineral compounds, and organic compounds.
As their name suggests, botanicals are derived from flowers and other plants which have been observed to repel or kill insects without damaging crops. The most common of these are the pyrethrum derivatives. Pyrethrum, a member of the chrysanthemum family, had been grown and processed during the 1700s in the Caucasus, a mountainous region Accessibility to quick, complete information regarding poisoning care may decrease the extent of disability.
between the Black Sea and the Caspian Sea. The powder was sold to farmers to the south and the price was kept artificially high by not revealing the source. By the turn of the 19th century the source was revealed to an outsider, and eventually pyrethrum, or Persian insect powder, found its way to American farms. In 1881, the 5 year old U.S. Department of Agriculture distributed pyrethrum seeds to different regions in the hope of fostering a large scale attack against the insects damaging American crops at the time. For the most part, the experiment failed, and pyrethrum, while still effective, never became as inexpensive as was hoped (Whorton, 1974) .
Today, pyrethrins are formulated with a synergist, which potentiates the action of the more expensive flower derivative and prevents chemical breakdown in sunlight. The combination of pyrethrin and a synergist, usually piperonyl butoxide, is referred to as a pyrethroid.
Pyrethroids act as inhibitors of mixed-function oxidases (MFOs). MFOs can act either as detoxifiers or activators of insecticides in insects; therefore, pyrethroids are not universally toxic to all insects (Ware, 1983) . Pyrethroids are quickly metabolized in mammals; hence, long term and chronic effects are not seen as readily as with other pesticides. Acute effects are seen only if pyrethroids reach the nervous system in sufficient amounts to cause inhibited nerve impulse transmission by repetitive nerve terminal depolarizations (Marquis, 1986; Hallenbeck, 1985) .
In 1000 B.C., Homer referred to burning sulfur, or brimstone, as a means of pest control (Ware, 1983) . Sulfur is probably the oldest known mineral used as a pesticide by hu-, mans. It is still used today in selected circumstances.
Another of the mineral or inorganic pesticides are the arsenicals, widely used during the final decades of the 19th and the first few decades of the 20th century. Arsenic com-, pounds were widespread during the 1880s and 1890s. Not only were the arsenic compounds sprayed on fruits and vegetables, but Paris green (copper acetoarsenite) and Scheele's, green (copper arsenite) were widely used as green pigments in the manufacture of items ranging from toys to wallpaper. Fowler's solution (potassium arsenite) was prescribed for a broad range of health ailments during the second half of the 19th century (Whorton, 1974) .
Arsenicals are still used today as both insecticides and herbicides. Over the counter ant poisons contain sodium arsenate in dextrose solutions and are the most common source of unintentional arsenic ingestion by children (Fuortes, 1988) . The action in plants, insects, and mammals is the same: inhibition of sulfhydryl enzymes, uncoupling of oxidative and substrate level phosphorylation, inhibition of pyruvate and alphaketoglutarate dehydrogenase systems, and coagulation of protein (Hallenbeck, 1985) .
Synthetic organic insecticides emerged after World War II and have dominated pesticide use ever since. They include the general categories organochlorines, organophosphates, and carbarnates.
One of the first synthetic insecticides manufactured for widespread use was DDT. DDT was first synthesized in 1873 but was put on the shelf for 66 years until its insecticidal properties were discovered by the Swiss entomologist Dr. Paul Mueller. DDT was quickly put to use by the Allies in World War II to combat malaria in the Pacific, and body lice during a typhus outbreak.
Unlike the pyrethrins, DDT was a persistent, stable compound, unaffected by sunlight. And unlike the arsenicals, it was well tolerated by humans, at least for the short run.
DDT belongs to the group of compounds known as organochlorines, which contain carbon, chlorine, and hydrogen atoms. Other members of this group include TOE, ethylane, dicofal, and chlorobenzilate. They are fat soluble compounds. In fact, DDT has been reported to be the most water insoluble compound ever developed (Ware, 1983) .
This property contributes to their persistence in the environment, for the mechanism that removes fat soluble compounds from the body does not work as quickly as the kidneys do when removing water soluble compounds. Any animal which consumes another animal within the food chain consumes most of the DDT to which its prey has been exposed, a process known as biomagnification.
Organochlorines have fallen from favor (or have been banned by the U.S. Environmental Protection Agency [EPA]) because of the long term health effects that were not foreseen when these compounds were first introduced. They have been surpassed in usage by organophosphates and carbamates over the past 20 years in the U.S.
In 1982, U.S. farmers applied approximately 70 million pounds of insecticides to the leading crops. Twenty three million pounds were organophosphates applied to the corn crop (USDOA, 1983) . In 1987, 34% of the 87,856 insecticide exposures reported by the American Association of Poison Control Centers were due to organophosphates (Litovitz, 1988) .
Organophosphates irreversibly inhibit cholinesterase activity in both insects and humans. The primary function of cholinesterase is to terminate cholinergic synaptic transmission by converting the neurotransmitter acetylcholine into choline and acetic acid (Lirovitz, The epidemiologic model of agent-host-environment is helpful when analyzing and formulating interventions for pesticide poisoning. 1988; Tafuri, 1987) . Inhibition of cholinesterase leads to an accumulation of acetylcholine in the system. Acetylcholine can be found at both parasympathetic and sympathetic ganglia, at myoneural junctions, and in the terminal endings of all postganglionic parasympathetic nerves. Therefore, its effects on humans can reflect either parasympathetic or sympathetic stimulation (and sometimes each in succession) depending on the type and dose of the organophosphate, rate of absorption, and individual physiologic factors (Tafuri, 1987) .
In humans, cholinesterase can be found in red blood cells (RBCs) and in serum. RBC and serum cholinesterase are both lowered in organophosphate poisoning. RBC cholinesterase (acetylcholinesterase or true cholinesterase) is present in nerve tissue as well as red blood cells and is considered to reflect more closely the degree of synaptic cholinesterase (USDOA, 1983) . Serum cholinesterase (pseudocholinesterase) is found in both the plasma and the liver, and its level can be affected by parenchymal liver disease. Serum cholinesterase will return to normal levels within days to weeks following organophosphate poisoning, whereas RBC cholinesterase takes 3 to 4 months in severe cases (USDOA, 1983) .
Studies on agricultural workers unintentionally exposed to cholinesterase inhibiting insecticides show that it is possible to have symptoms while cholinesterase levels are within the normal range. Fol-Pope, Olson low up studies on affected individuals reveal an increase in cholinesterase levels to the high end of normal. Under normal circumstances, more variability occurs among people than among serial tests on the same person, thus enhancing the value of baseline cholinesterase levels.
The rate of decline in cholinesterase values is more closely correlated with the appearance of symptoms than the actual cholinesterase levels. Although the decline of either the RBC or serum cholinesterase levels relative to the client's baseline is an important element in diagnosis of acute organophosphate poisoning, the levels correlate less with the non-specific central nervous system (CNS) symptoms common in chronic poisoning. Coye (1986) suggests this is a major limitation in the use of cholinesterase screening to predict the health effects of chronic low level residue exposure.
Like organophosphates, carbamates inhibit cholinesterase activity by attaching to the cholinesterase and preventing reactivation of the enzyme. The chemical binding of organophosphates to cholinesterase is known as phosphorylation. The attachment of carbamates is known as carbamylation. Carbamates form a more temporary liaison than the organophosphates do, breaking the attachment with the cholinesterase within a matter of hours.
For this reason, carbamates are considered to be reversible cholinesterase inhibitors (Ware, 1983; USDOA, 1983; Coye, 1986) . The symptoms of carbamate poisoning are similar to those of organophosphate poisoning, although carbamate poisoning usually does not require extensive treatment and produces less significant human toxicity than the organophosphates (Tafuri, 1987) .
HERBICIDES
Herbicide usage has increased over the past 10 years, surpassing insecticides both in number and percentage of total pesticide use (Postel, 1987) . In addition to widespread use in agriculture, herbicides are used in forestry programs, highway, railroad, and power line right of ways, and industrial sites. Herbicides may be classified in a number of ways: according to their chemical nature (e.g., phenoxy herbicides, substituted amides, nitroanilines, carbamate); according to their method of application (e.g., band, broadcast, direct spraying); according to the timing of application (e.g., preplanting, pre-emergent, post-emergent); and according to the location of their action (contact or translocation).
Phenyoxyliphatic acids were introduced at the close of World War II with the development of 2,4-0 ([2,4-dichlorophenoxy] acetic acid). Other compounds of this class are 2,4,5T ([2,4,5-trichlorophenoxy] acetic acid), silvex, and MCPA ({[4chloro-o-tolyl]oxy} acetic acid). Some authors state that humans have suffered no apparent adverse health effects from these compounds unless they have been contaminated with dioxin during the manufacturing process. A combination of 2,4-0 and 2,4,5-T containing dioxins was the basis of Agent Orange, a defoliant used during the war in Vietnam (Ware, 1983; Westing, 1977) .
The most toxic of the herbicides to humans is paraquat, a bipyridylium herbicide used as a preharvest dessicant. A mouthful of a 20% solution of paraquat is fatal in about 50% of the cases. More than one mouthful is associated with a mortality rate of about 92% (Bismuth, 1982) . Large doses of paraquat can result in death from cardiovascular collapse within hours of ingestion, but much of the medical literature describes death from a delayed effect of paraquat on the lung.
Paraquat Lung results from intraalveolar fibrosis developing after the person apparently begins to recover from the ingestion. Although paraquat exerts its effects on the lung, inhalation does not appear to be as hazardous a route of entry as ingestion. Oxygen administration potenti-ates the harmful effects of paraquat by accelerating reoxidation of paraquat (Bismuth, 1982; Kehrer, 1985) .
RODENTICIDES
The most commonly used rodenticides are the coumarins, of which warfarin is the best known. Its action in rodents is similar to its medical counterpart-inhibition of prothrombin formation. Repeated daily doses are required to kill rodents. Over the years, rodents have developed resistance to warfarin, and variations of warfarin have been developed to counteract this resistance. Of these, the long acting or superwarfarins are becoming more commonplace.
FUNGICIDES (NON-MEDICINAL)
Non-medicinal fungicides have not been reported as extensively in the health care literature as the other pesticides. Exposures to nonmedicinal fungicides accounted for less than 3% of the total number of pesticide cases reported nationally in 1987 (Litovitz, 1988) . No fungicide related fatalities were reported during that same period.
SOLUTIONS
The epidemiologic model of agenthost-environment is helpful when analyzing and formulating interventions for pesticide poisoning. An agent is a factor whose presence, absence, or deficiency can cause health outcomes. The host factors refer to the characteristics of the person or population affected or not affected, and include such variables as age, job classification, nutritional status, and alertness. The environment refers to the extrinsic conditions that influence the existence of the agent and the susceptibility of the host (Lilienfeld, 1980; Snowden, 1986) .
The environment can include such factors as the surrounding air, water, and climatic conditions; the season of the year; time of day; and vehicle. A vehicle is any element in the environment that conveys damaging agents (Robertson, 1983) , such as ant traps, farm equipment, and insecticide formulations.
Epidemiology was used initially to investigate contagious diseases, but has been applied to injury analysis since 1961 when Gibson (1980) identified energy interchange as the agent of injury.
Application of the agent-hostenvironment model in the outcome of pesticide poisoning can be identified in the following manner: the agent is chemical energy that interferes with normal body energy exchange. To induce injury, the energy forces must reach the hosts at rates in excess of their injury thresholds. It is the amount, or excess, that determines the difference in outcome between a toxic and a nontoxic pesticide exposure.
The variables examined in the environment reflect physical, biological and socioeconomic influences in the place of work. For example, month reflects physical changes in the earth such as heat or cold, the biological growth at that particular time of year, and the influence of socioeconomic activities, such as farming, or urban landscape activity.
Thus, the agent, host, and environment interact to manifest the specific outcome of pesticide poisoning. Without the presence of all of these factors, injury cannot occur. Haddon (1980) built on the epidemiologic framework, developing a useful analytic tool, a matrix crossing the phases of injury (pre-event, event, post-event, and results) with the agent-host-environment triad. Each cell of the matrix contains a unit of analysis helpful in identifying and assessing the full extent of the problem. The bottom row of cells reflect the end results, giving amounts of damaged or disrupted persons, equipment, environmental and societal systems, and in each case, the associated costs. An example of how this tool can be used is found in the Table, where the problem of pesticide poisoning from drifted spray application has been analyzed.
Although the instrument of analysis is different from that used in the clinical setting, the process is the Haddon (1980) same: collection of data, formulation of a diagnosis (analysis of the problem), and plan of treatment (intervention). Haddon (1968) developed a series of 10 intervention strategies that have been used in injury control since the mid-1960s. They provide a useful framework for a thorough consideration of options when planning interventions on a macro level. The public health strategies of education, engineering, and enforcement provide another useful perspective when considering intervention options at the workplace. They are described by White (1982) as:
Education-Actions directed toward voluntary change in the attitudes and behavior of the subject, generally by providing information that will lead to a favorable change. Engineering-Actions directed at managing risk related variables through interposing technologies on behalf of the population at risk. Enforcement-Actions directed at mandatory regulation to achieve favorable health outcomes.
When considering interventions for pesticide poisoning in the workplace, interaction may occur on a continuum from a one-to-one encounter to planning or educating in the context of the aggregate (group of individuals with common needs). Related strategies can be expanded or narrowed depending on the level of intervention. For example, an occupational health nurse may provide cholinesterase screening for a farm worker with suspected pesticide poisoning, or the occupational health nurse may develop a screening program for a group of agrichemical workers at a manufacturing plant.
The following is a treatment of pesticide spray drift poisoning using Haddon's 10 intervention strategies. Examples of the intervention methods of education, engineering, and enforcement were used throughout.
1. To prevent thecreation ofthehazard.
The banning of DDT from most uses in the United States is a familiar example. (Note: DDT has not been banned from world-wide use, however.) The General Accounting Office of the U.S. (GAO) estimates that less than 1% of imported fruits and vegetables are examined for pesticides banned from use and production in the U.S. (An independent test of Latin American coffee beans sold in New York City markets showed multiple residues of DDT and other persistent pesticides) (Postel, 1987 which is to beprotectedby interposition ofa material barrier. The use of enclosed cabs on farm equipment helps protect the person in the most immediate vicinity of the pesticide-the farmer. Educating rural residents to keep doors and windows shut and to stay indoors is another example of an intervention. 7. To modify the relevant basic qualities of the hazards. Development and use of less toxic pesticides by changing aerosol droplet size and reversibility of symptoms will decrease the harmful effects on humans. 8. To make what is to be protected more resistant to damage from the hazard. Improving the nutritional status of farm workers; preventing mild dehydration by providing potable water in the fields; and substituting medications that do not have a potential synergistic effect with the pesticides the worker routinely encounters are examples of improving human resistance to damage. 9. To begin to counter the damage already done by the environmental hazard. In the case of direct spraying of an individual, thorough washing of the skin and clothes is necessary. Accessibility to quick, complete information regarding poisoning care may decrease the extent of disability. 10. To stabilize, repair, and rehabilitate the object of the damage. Ensuring accessibility to health care; providing appropriate health care; and encouraging healthy lifestyles to possibly modify the long term effects of pesticides are means of optimizing the health of those workers who have been exposed.
SUMMARY
The acute, chronic, and long term effects of pesticides on humans have been shown to be quite harmful in some instances. In others, the risks have yet to be fully determined. Extensive use of pesticides in both the home and worksite will continue in the foreseeable future. Knowledge of pesticides is a prerequisite to intervention. Therefore, the need exists for occupational health nurses to be aware of the potential harm inherent in human exposure to pesticides and to be prepared to initiate intervention strategies in all phases of injury-pre-event, event, and post-event.
1 Pesticides account for a small but important number of • acute human poisonings.
2 When considering interventions for pesticide poisoning in • the workplace, interaction may occur on a continuum from a one-to-one encounter to planning or educating in the context of the aggregate.
